General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



JPL PUBLICATION 78 363^ 






Sialons as High Temperature 
Insulators 

W. M Phillips 
Y. S. Kuo 

(NASA-CB-157838) S1M.CNS AS HIGH N79-13 

TEMPFP ATHPE T N* ! JL ATOP S (Jet Pcof'llsicn Lab.) 

32 p HC A03/HF AO 1 CSCL HE 

Unclas 

G 3/77 90P45 


December 1, 1978 


National Aeronautics and 
Space Administration 

Jet Propulsion Laboratory 

California Institute of Technology 
Pasadena, California 




ABSiKACT 


S talons have been evaluated for application as high temperature electrical 
insulators in contact with molybdenum and tungsten components in hard vacuum 
applications. Both D.C. and variable frequency A.C. resistivity data indicate 
the sialons to have electrical resistivity similar to common oxide in the 
1000 C or higher range. Metal lographlc evaluations indicate good bonding of 
the type 15R AIN polytvpe to molybdenum and tungsten. The i ' or modified 
silicon nitride phase was unacceptable in terms of vacuum stability. Additives 
such as MgO which are commonly used to improve dens i f icat ion had a detrimental 
effect on electrical resistivity. Similar resistivity decreases were produced 
by additions of molybdenum or tungsten to form cermets. The use of hot pressing 
at 1800 'C with AIN, AI 2 O 3 and SijN^ starting powders produced a better product 
than did a combination of SIO 2 and AIN starting powders. This study indicated 
that sialons will be suitable insulators in the 1600K range in contact with 
molybdenum or tungsten if they are produced as a pure ceramic and subsequently 
bonded to the metal componei.'-s at tempera* ares in the lbOOK range. 
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INTRODUCTION 


Kxploratlon ol tin* outer planets ol tin* solar system may include a nuclear 
electric propulsion system al a power level in tin* 400 kWe range (Kef. I). A 
system which will provide this powor at low weight anil high reliability utilizes 
a heat pipe cooled nuclear reactor coupled with thermionic conversion ot the heat 
to elect r icily. 

lach thermionic converter produces approx imat el v one kilowatt ol elec- 
trical power at 0.6 VIW. A matrix arrangement ol converters electrically 
connected in both series and parallel is required t o Increase system voltage 
output and meet reliability requl rement s . This in turn means that each convertel 
must hi* electrically Insulated I rom I In* heat pipe which supplies heat from the 
reactor to the emitter ol the thermionic converter at approxim.it ely IhbllK. 

Kit her molybdenum or tungsten base alloys can be used for the heat input heat 
pipes and converter emitters, hot It ol which are in contact with the required 
high temperature insulator. 

Tin* general requirements for the insulator on the heal input side ol the 
thermionic converter have been determined by the design constraints of the 
thermionic power conversion system and are as follows; 

(1) Thermal expansion must be compatible with either molybdenum or 
tungsten or preferably both since the coefficients ot thermal 
expansion ot these two metals are similar. 

(2) Stability In hard vacuum at lbSOK tor at least seven years, the 
minimum outer planet mission time. 

(1) Chemical compatibility with molybdenum and tungsten at 1650K . 

(4) Cood thermal conductivity to transfer heat from the heat pipe 

through the Insulators to the thermionic converter emitter while 
retaining electrical insulating properties. 

(*>) Maximum electrical resistivity to minimize power losses and 
elect rolvsis at the projected maximum operating voltage of 
2S V1)C. 

(b) Sufficient bonding to both molybdenum and tungsten t o minimize 
the metal/ceramic interface thermal gradients. 

In general, carbides are electrical conductors and are therefore not 
suitable. Single oxides have a high thermal expansion coefficient and are not 
mechanically compatible with the molybdenum or tnngsi.n alloys. Nitrides are 
generally unstable in hard vacuum at the temperatures ot interest. Sin I nits 
(an acronym for silicon, aluminum, oxygen and nitrogen) are a low thermal 
expansion class of materials which can be viewed either as a mod i t leal Ion ot 
nitrides or a modification ot oxides ot silicon and aluminum. Hie sialons 
f herd ore were selected as a starting point tor the development ot the needed 
high temperature insulator since they appeared to meet the electrical and thermal 
conductivity requirements, had a low thermal expansion coefficient and were 
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believed i>« l»* oheml -it I I v oompnt I hie will) molybdenum .itul tungsten. Hu* addition 
ol ok ides to nit i ides t o tnrm stolons was expected to reduce tin* nitrogen 
overpr cnsui o retpi 1 rcm« ut thereby making tin* rn.it or ia I stable In v.it-iium ii» tin* 

I BOOK operating range. 


I’KiUTSSINO Ml IIUMIS AND SIAKIINi: MUIRlAl.a 

Slatons ran In* produced I rom const it ucnt powders using either sintering 
i*i hot pressing in graphite dies to oi<tain dons i t ii.it Ion. Sinoo a ooramlo 
approaching lull donsitv lias m.iKiinnm tlioim.it oonduot I v i t v , hot pressing whloh 
p i od iio os a higher donsitv matorial than sintering w.n solootod as tin* tabrio.it Ion 
pi oooss . 


fho start lug matorials nst*d tor tabrioation ol tin* sialor.s wore tin* 
tt*l lowing powders: 


Alooa I'ypo Alt* Aluminum Ox Ido 
AMI Ivpo ITS* SI I loon Nitride 

- Corao Aluminum Nitrldt* T».‘» puiitv 

- Amor loan Drug Si l loon Oxido ‘Id.S'J purity 
t'liomioal analyses l**r t lioso matorials are present od in r.iblo 1. 

rho powdors wore hall mi I led lor 1 1 * hours in polvethvleno hot t I us with 
t iitigi't on oarhldi* l*alls and tort -hut vl aloohol milling lluld. Iho powder was 
then di led and sieved. Hot pressing was done in graphite dies using nitrogen 
as a Oliver gas. 


Kor tin* t ahrloat ion ot cermets, t lie metal particles were ooat ed witli wax 
then mixed with tin* ceramic to ceramic coat each metal particle. Additional 
ceramic was then added to achieve the desired volume percentage ol metal in the 
cermet, rite mix was placet! in the graphite tile and the tile and powder was then 
out gassed at S7SK in approximately 10 to IS mm ot nitrogen overpressure. Both 
the cermet and ceramic samples were hot pressed in the same manner. 

rite lu*t pressing eye It* used was: 11 heat ing ol the die anil powder to the 

hot pressing temperature, .’1 appl icat ion ot the hot pressing pressure, 

II cooling uitilei pressure t o Ii» 7SK, •*) release ot the pressing pressure and 
S) cooling ti> room temperature. Hot pressing temperatures ot |d/S t o 2 1 50K 
wore evaluated as were hot pressing pressures ot i»SS N cm* t o b8‘>0 N/cm- 
(1000 t o 10,000 ps i ) and hot pressing times ol 10 t o I .’ll minutes. Hot pressing 
temperatures were read with an optical pyrometer using 1:1 1./0 holraum in the 
graphite die bodv. 

rho ’ slalon (oqnimoleculnr amounts ol Alstj, AIN and SijN ( l was found to 
density in the 20S0 to 207SK range. At temperatures above 2100K this material 
t ended to become porous Indicating dccomposit Ion at this temperature. Below 



l‘t‘*l'k Itl.ulf iju.ll f li-aftlon atnonn lilt' powili-l s nIh«< ti-xiillfil ill .1 pom ih-n-.ltv 
iu.tii-il.il. riu- 1 >K polvlypo tn.itorl.il llilnhft AIN foutf(its) >1 1 xp I ayoil opt Itmtttt 
dons I f U-at 'on In t lif 207S 1 1 » 2I00K i.iit|if. 

I'rfHMiirfM In t In- I 1/8 N *•«*’ 12000 pxl) to 27M» N . nt ’ (4000 put) ranno 
prodm-pd iiiuhI donx 1 1 lf.it ton ol tin- xlalonx wliili- pii-xxuiox hlnhft than tills 
IfSIlltfil III tt.lftlltf Ol t Ilf X.ltnpIfX wllfll till- ptfKHUlf W.IX Iflf.IXfil. I’lfXSIltf 
ri-tliift ton t 1 ont about 144** N/rm* (SOOO pxl) to I 1 7H N/ftn* (2000 pxl) .it t In- 
207NK hot pro Mx Inn l i-mpi-i at ut 1 - In .111 attempt to xttoxx id lot atim-al tin- * 
xl.ilon also ifHtiltfil In i-xti-nxlvf craiklnn ol this mati-rlal. Ililx ft tin t w.im 
not o v.i 1 11 . 1 t oil with tin- I ‘»K Mtalnu .uni tin- ii-ti-.ixi- ol pi i-xxuri- .it In/Nk wax 
nxfil with .ill in.it 1-1 l.i I x. 

Hot pti-xxinp. t Inn- w.ix tin- least fl it leal ot tin- variables. I’lif It) miunt •• 

prexxltin fVflf pitulin-f.l 011 .it If ii-sults will If no d 1 1 I o 1 o mex were obseived 

hi-twffii tin- t>0 .lint 120 mlnutf fvelef. riu- bl) minutf evel. w.im tlietftotf 

t i-t .1 i iii*il . 

Ihf s.implfx tested lot flfftilf.il ifxlxtivltv won- .ill hot proMHi-il .it 
207SK |o| t»0 mlnutfx at .1 ptfxxiiif ot I 1/8 N/em*- 12000 pxl) In p.iaphiti- dies 
using a N> i-ovft 1 * * 1 x .it atmoxplu-tif ptexsiile. 

A series ot plt.iMf ill an rams li.ivo been puhllxhfil on tin- AI.O t , AIN SI |N., 

.util S 1 » xl.ilon xv stems tKi-lx. 2,1,4). Ihf l.iti-xt ot t In-sf I •• |*v .laek tNi-’ . >1 

IK I gut «- I) .nnl lx nfiift.il I v In agi i-fiin-nt with t It I x woik. One font Inninn problem 
boili in - 11 - 11 - 1111111.111011 ol .in .imitate plta.-u- ill.t., t .im .nnl In pi i-p.trat Ion ot ipi.i I 1 1 \ 
m. 1 t 1 tt. 1 l lx thi- fXlxtfiiif ot xffotnl phases tiom hot It impuilttfs .nnl niftaxl.ihlf 
ph.ixfx. rin-xi- lnhomon»'in-lt U-;t ato known to ptodun- adverse i-ttfi t . on tin- 
mffhanifal piopi-itiox ot tin- eeiamli- si nee Inhomonene 1 1 If x atf nxn.illv not woll 
hotnlfil to tin- ffi.nttif rn.it 1 l\ .mil .is .1 i-onxi-ipii-tif f .ift .is .1 ilftfrt 01 xt r«- ss 
t I xf rx . Ihf .imonnt ol seeoiid pli.txo fan In- .ill fit --il hv imptit it ifx, starting 
tn.itftl.il .nnl l .tin 1 i-.it Ion evelo, Ililx lx I I Inst 1 .it oil In I ahr lf.it ton ot ' si.iton 
.ix illxi-tixxfil in tin- lollowinn parant apltx. 

1 ' lx desri ibfil hv tin- formula: 


Si 



0 . 



wln-if ’ lx | f xx than 4 , 2 , S«-t t inn ' vlolilx Si ( * Al .0 \IN. Iln- equivalent 

itiati-tl.il fan also In- erodm-ed t 1 out St 1 N • IS 10 < • t* A I \ . I’hototm. 1 ogi apltx ot 
mati-rlal prodmed In t In* so two w.ivx aro shown In Klnutes 2 ami I. I'lti- xt 1 in- 1 111 o.-. 
aii- xlmil.11 ami show small amounts ot xofoinl pitas*-. Mteroprobe analvxfN 1 01 
-til Ifoit ami aluminum show that t hi- 1 at to ot Al to SI in t hi- samp to pti-pared t 1 ottt 
SIO*, Si jN.-, ami AIN vat ii-x t 1 ottt V»: • '» to -» S ; *» s with some areas hi-tnn 1:1 wlileli 
is tin- piflilft Oil rat li* lot tin- xpofitli-il . ’. Ililx woulil tmllf.it <- t In- toimat ion 
ot two mot axt able pliaxfs, \ phasf whlfh I-. xiltfon ilioxiilt- t ifh ami t hi- I -N phase 
wliiili is aluminum nitiiilo t Ifh, as well as ’. l‘ht- x.inn- mati-ii.il laht ii-atfil 
t 1 ottt SijN.,, Al >1' \ ami AIN showfil raufh loss tnhotttonf in- 1 1 v . 
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The implication of this observat ion In that X-phase (which has not been 
evaluated in this study) may remain in i ' even when fabricated I rum 
A 1 N • A 1 2 <f i* S I Hint e SIO 2 Is present as a layer on SljN/,. 

The effects of SIO 2 have been shown In the fabrication of the I SR polytype 
material. This material again can be fabricated either as Si02'4AIN or as 
SI )N /, • 2A 1 2 O j • HA 1 N . Using the same powder processing techniques and hot pressing 
cycle, the A1N/Slt>2 material was much less dense than that fabricated from 
SI ,N4/AIN/Al 2 0i as can be seen by comparison of Figures 4 and S. Microprobe 
testing of this material indicated both to be relatively homogenous with the 
predicted aluminum/sll icon r.it lo ot 4:1. 

ELECTRICAL RESISTIVITY TEST INC METHODS 

The objective of the fabrication development effort was to produce a high 
quality sialon material for electrical insulators meeting the requirements out- 
lined In the Introduction. The effects of composition and processing on vacuum 
stability were evaluated as the first step in selecting a material for fabrica- 
tion and test in prototypical insulator geometry for Nuclear Electric Propulsion 
(NEP) system application. The second step in the selection process is the 
measurement of electrical resistivity of the sialons also as a function of 
composition and processing. The results of this testing are presented in the 
following section. 

Electrical resistivity testing was carried out in hard vacuum (l() _<> torr 
or better) using a tungsten mesh heating element and heat shields. A sketch of 
the setup Is shown in Figure b. DC measurements were taken with .1 variable 
voltage megohmmeter and a digital multimeter. AC measurements were taken with 
an oscillator and an impedance bridge. Samples were 1.9 cm (1/4 in.) square and 
0.2 cm (0.080 in.) thick. Tlte electrodes were tungsten or molybdenum foil 
O.OOS cm (0.002 in.) thick. During initial heating, readings were scattered due 
to lack of contact between the foil electrodes and the samples. Alter reaching 
temperature and holding, the creep produced by the weight resulted in good con- 
tact between the electrodes and the samples resulting in reproducible readings. 
Readings were taken on silicon nitride and I.ucalox alumina using this method 
and agreed well with the published literature values (Figure 7). 

Three types of samples have been tested: 1) pure ceramics, 2) cermets 

using both molybdenum and tungsten metal phases and 1) cermets bonded between 
molybdenum plates. Each of these types of materials and the electrical resis- 
tivity results are discussed in the following sections of this report. 

ELECTRICAL RESISTIVITY TEST RESULTS 
A. S' SIALON CERAMIC AND CERMETS 

The initial materials tested in the program were the E ' ceramics. As 
dismissed previously this material contains small amounts of second phases from 
impurities in the starting powders and as a result of the powder ball milling 
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p.oeess. Ft ee sllieen metal was als»> present apparent tv tlui< to incomplete 
nttiiding ol I lie silicon le It'im nil let'll nit title. Resistivity tests t*n ’ 
t't'iil .lining et|ti(mt'leeiit.ii .im.'iinl s »» t Ain't, AIN .uni StjN., tl Isp 1 aved eii.il l. 
heli.ivii'i .11 elevated t empet at ures .in ittd l. .it etl in Figure I’ost test examl 
n. it i.>n t»( the eeramie lutl le.it eti weight I i<kn apparent 1v tlm* t »* deeomposit ion and 
mil' l (mat It'n t'l tliis ni.iterl.il at t empet at ures above ISt'Oh. 

Mol vl'ileniim eeimets made with ’ iiul lent etl lent inn hetween the m«’l vhtteiuim 
and eer.imle. This reaet it'll ean he seen in Figure S as the leim.ii it'ii t'l a 
silleide lavei t'n the suttaee t'l the m.'l \ I'.leitnm part teles. Hie re was als.t 
evldenee »>t sopar.it inn hetween the mol vhtienum and the eetamie indicating a pout 
thermal expatiHit'ii match. Kleetite.il resistivity test result-' »»n a tungsten ’ 
eermet produced data very simllai t e pure Si»N, (Figure 7V. This u.is a slight Iv 
lilghei resistivity than was I ept'r t t'd hy rhorpe and Sliarit (Kel . h), the tael 

that the eermet test result did net obev Maxwell’s mixing rule (Ket, V may he 
due t e either the pent bond hetween the metal and eeramie •' r due te chemical 
Interaet li'ti between tin* metal and eeramie resulting in ledueiieu In ions whieh 
were availahle t »’ r eleet i leal eeu.tu.t len. Stine any ol the above problem areas 
wen Id eliminate the material Item couaidorat ten tei app l ieat ion as a high 
tempei. it in e insulatei, emphasis thereto!. was plaend en l'K p«'lvtvpe --talon 
phase. 


R. INK SIMON IVIMVIT 

V. iudie.it e«l l*y the phase diagram e* lignin l, the <K polvtvpe sialou 
phase exists evei a range et eemposi t t'«ns Initial leslstlvltv testing was dene 
»'ii a eomposit ton ne.u the eentei ot the single phase legion. Fills tiMteri.il was 
hot pte-.sed t « ,»m Al s' t , \1\ and S i j\ ( as a .o'umic di-.c. Sample.-. IS mm s.juai e 

hv mm thick were maehtnod 1 1 »<m the eeramie and t est evl between me I vhdenum toil 
electrodes as previously diseussed. Results »'t eleet ileal resistivity testing 
el l ‘'K polvtvpe sialou with a eomposit leu neat tin* eouter .'l the siugli phase 
region are plotted in Figure Fhe shape et this eleettie.il resisti.ity eurve 

is t splea I ol all variations et the l *'K polvtvpe eetamie in that a deviation 
(torn linearity eeeui s in the I *i'i'k rouge, and is discussed in the no. t ion on 
I'ata Analysis. 

VMtiat ion et eomposit ion within the single phase INK region had essenti.il Iv 
no el I oet en eleetrie.il rests* ivltv. l’K polvtvpe sialou Inhiientod with the 
maximum sllieeu nit tide eonteut as .let tiled hv the phase diagtam (Figure I' had 
i.lent leal resistivity as tin* l’K eomposit ion in the middle et the single phase 
legion. Results et oleetrie.il resistivity testing ot the 1 ’*K polvtvpe sialou 
with maximum St(N,, eonteut .tie plotted in Finite 10. Fhe d 1 seont inn i t v was still 
present in the resistivity eurve in the l»00k range. Resistivity data taken 
using V out rent are also presented in this plot. At high temperatures t hot o 
is no ottoet ot t i eipieney *’n elocttic.il resistivity. Vs t empet at iii e deet eases 
the highest troquonev At’ data are the tiist to deviate t tom the IV eurve, as 
has been reported tot other ceramics (Ket. v). 



Varlat inn ot starting materials, s discussed in provloiw «ci i inns, in 
turn affected di'iwity ami probably t ho Mount ami il 1st r ibul Ion ol met asl able 
phases within t ho slalon ceramic a it In High tin* l Inal chrmlcJi! compost! Ions were 
Mont it* a I . Hu* l **K poivtvpo sin I on oan ho fabricated from Slit* ami AIN an well 
,ih trow AIN, Ala»j ami SliN.,. Tho oltoot ot thin variation oan bo observed bv 
comparison »*l Figures *», 10 ami II. Figures ‘I ami 10 summari/e data on 1 >K 
polvtvpe materials fabricated I rom Ain't, AIN ami Si |V,. Figure II shows 
olootrioul resistivity ol l SK rn.itori.il lahrloatod from Sii\» ami AIN, tho slopo 
ol our vo In Figure II Inis ch.tngeJ ami tin* dim* out limit v in tho UlHIK tango has 
virtually disappeared. Possible causes ot this will ho diseussed in tin* 
lot lowing soot Ion. 

Magnoslum oxide is a eommon addition wado to slli.ou nitride to increase 
donstl lent ion rates during sintering oi hot pressing. i'he oltoot ol this add i 
live on eleetriral resist Ivltv ol INK poivtvpo slalon is sin*. * In Figure I . 

The 1400K d Isoont inuit v is similai to tho same material without the MgO as 
plotted in Figure *». However, the resistivity both above and below I400K has 
been markedly rednoed bv tin* MgO addition. 1'hls will also be diseussed turthot 
in the lollowiug soot ion. 

!\* simulate a possible fabrication method lot the insulators, molybdenum 
plates were plasma spraved with tungsten. I'ln* tungsten plates provided a 
roughened surf. tee t o improve bonding ot the ceramic. flu* powder t ** be formed 
was placed between these plates and the assembly placed In the graphite .lies. 

I'he sandwich structure was then hot pressed t o consolidate tin* ceramic t.< a layer 
approx imat e 1 v 2 mm thick. lest results on this sandwich structure (Figure 1 1) 
Indicated the resistivity as a (unction ot temperature to be linear, but at one 
t o two orders ol magnitude lower resist ivitv than siulou tabt icuted as a ceramic 
and not in contact with a retractorv metal during the hot pressing process. Hie 
decreased resistivity mav partially bo due t o improved electrical contact between 
the sample an.' the test elect redes. However, the rna'oi itv ot the deer east* is 
believed due t o chemical interaction between the reft act orv metal and the slalon 
or the starting ceramic powders at hot prosing temperatures prior t o format Ion 
ol slalon. rite implication o! this ohserv it ion is that the ceramic should be 
fabricated t o the desired shape at the Jh'.'K hot pressing temperature, then 
bonded to refractory metal at a tempo i ature near the use temperature (lt*7‘*k) to 
minimize t he interaction and the resulting resistivity decrease. 

A section ol a prototypical insulator bonded in this manner is shown in 
Figure 14. 


DATA ANAIYSIS 

The single characteristic that is common to most ot the electrical resist- 
ivity data is the change in slope ot the resistivity versus temperature curve 
In the 1400K range. 

i'hls change ol slope implies a change ot act ivat ion energy and therefore a 
change in conducting mechanism for the l f *K poivtvpo slalon materials. 



Hu* activation meruit** measured In thin work tor the 1 SK polvtvpe sialon 
(Figure* *f, 10 A l») are 1.8 to 2.4 eV below NOOK and 2.8 to 1.5 eV above 
NOOK. 


Preview* tnveKtig.it Con* of t lie electrical conductivity ot Al\ have obtained 
activation oner g to* of l.*f eV (Ket. 8> and 1.81 eV (Hot. *i>. Hot h author* 
agreed that t lie low act ivat ton energy wa due to t he extrinsic electronic con- 
ductivity resulting from carbon contamlnat ton. 0orb.it ot et a I (Kef. 81 have 
observed n-tvpe electronic conductivity in carbon contaminated AIN. Francis 
et al (Ket. *>> have observed a change in conductivity with varying carbon 
content in AIN. 

The band energy gap, Fg, was repotted to be between 5. 7 to t>,2 eV toi 
AIN (Kefs. !0» ll). These values are In reasonable agreement with the absorption 
values, a. 8 5.0 eV, measured optically tor AIN single crystals (Ket. 121. The 

intrinsic electronic conduct ion would thus require a much greater act ivat ton 
energy ( Fg 2 to l,l> ill.’, .hat Is deduced t torn the slope of the A* rhcnlii* 

plots tor slalons at low t empei amres (1,8 to 2.4 eV) (Figures o, 10 A 12>. 

The 1 “*8 polytvpe slalons In this weik were hot pressed in graphite dies 
at high temperature. Since the act ivat Ion energy obtained below l 1‘n'k Is 
roughlv that obtained for contaminated AIN, it is »juite possible that the IV 
conductivity ot hK polvtvpe <* dominated bv extrinsic electronic conduct ion 
mechanism produced bv carbon contamlnat Ion. 

This view Is confirmed bv the data In Figure 11, the resistivity ot l “*8 
pressed from S10. ♦ AIN. There is no change ot slope In this curve indicating 
that carbon cont aminat Ion Is minimal in this sample. This can be explained bv 
the probable react ion between the Si0_* and the graphite die: 


SiO, ♦ .V * Sit' ♦ 2t'0 


At the hot pressing temperature this reaction proceeds to the right with a tree 

ale. ITuia carbon contamination of the a la Ion la replaced 
bv formation ot a Sl(‘ react ton Inver. In addition the porositv ot this sample 
could be partially due to t lie presence ot CO- the equilibrium pressure being in 
the 100 atmosphere range or .’000 ps i . the hot pressing pressure. 

When t be sialon was hot pressed between molybdenum plates the molybdenum 
minimized carbon pickup by the sialon. This also eliminated the change in slope 
ot the resistivity curve (Figure 1". 


In tvpical covalent semiconductors, it is common to have extrinsic elec 
ironic conduct ion to predominate at lower temperatures whereas the intrinsic 
electronic conduct ion becomes dominant at high temper.it ute range when the valence 
electrons of majority lattice atoms (rather than impurity atoms! gain sufficient 
thermal energy t o be raised inti* the conduct ton band. In the case ot AIN, the 
resulting activation energy will be fig' int rinsic - * 1 - ( s - ' to 0.2) eV « .’.8* 
to 1.1 eV. This is within the 2.8 to 1.5 eV range obtained in this work for 
high AIN content sialon, l.e., the 1 **K polvtvne material. 


II would appear ih.it In tin* high tamper, u tu»* rollon, (lit* cloctrlc.il 
conduct l *n Is dominated bv the Intrinsic clcctronlt mechanism, determined bv 
tin- b.md gap, as In the case of classic semiconduct or*. Two phenomena h.ivc 
been observed, lu*wever, which nuke the electronic conduction model questionable, 
first, the Pi resist lvlt> v. lines were t ouml to drllt with t Inn* .it .1 constant 
applied voltage. Secondly, the applied voltage across the measuring electrodes, 
when Increased, Increased the apparent Pi' rests’ ivitv ol the slaloti. Hot h ot 
these charaeterlst Ics Indicate the possible occurrence of electrolytic polarl- 
zat ion process under the applied voltage, rather than a dielectric polar lc.it Ion. 
Klectrolvtlc polarization Involves the Ionic dlssocl.it Ion within the material 
and tends to build up a counter IMF as a result ol a t ranslat lotial mot Ion 
(dll I us 1 011 1 ol these dissociated Ions over large distances (under the applied 
voltage). The resistivity ol 1 r »K polvtvpe s la Ion was reduced bv the addition of 
MgO (figure 12), However, the slope ol t lie resist lvlf\ plot remained unchanged 
1 rom that ol the Identical material without the MgO addition (Figure 10). This 
Implies that the major conduct Ing mechanism both with and without the MgO 
addition, is the *.. 11110 . Minority ions such as Mg appear t o be the most llkelv 
conduct ors . 

The act ivat ion etn rgv values obtained tor I “iR polvtvpe sialon (2.8 oV to 
t. * eV) are great el than those obtained la low teaperature range (1*8 eV t .< 
cV), but 1 owe 1 than that obtained toi ’ sialon (as high as ». . eV) In the 
same temperature range. 

It is known that the ' sialon has the abilit to Incorporate impurity 
atoms into the crystal lattice iKct . S>. This appears t o indicate that the . ' 
phase can restrict impurity movement or diffusion producing the higher activation 
energy observed tor this material. Impuritv atoms are not as readily incor- 
porated int>’ the AIN type lattice ot the l SR polvtvpe material; hence the 
activation energy measured lor the I sk as well as the resistivity is lower than 
tor ' sialon. 

Definition ot the exact conduct ion mechanism which operates in sialon was 
not the objective ol this work. The ob|ective was rather to determine it sialon 
Is a candidate tor high temperature electrical insulator appl Icat ions. At 
present the answer to this question appears to depend upon preparat ion ot 
higher puritv sialon materials coupled with long term testing in vacuum under 
applied DC potential to evaluate deterioration ot sialon under these conditions. 
Such testing is presently being Initiated. 


Sl’MMARY 

Tlcctrlo.il resistivity testing of sialons in hard vacuum at elevated 
temperatures has indicated the 1 SR polvtvpe to be a candidate tor high tempera- 
ture electrical insulator application In contact with molybdenum or tungsten. 

' sialon does not have the requited vacuum stability nor an adequate thermal 
expansion match to molybdenum. The I ar polvtvpe material has adequate electrical 
resist ivitv, good vacuum stability and good thermal expansion match to tungsten 
and molybdenum. 



Optimum properties arc .it'hii'Ved in the I SK polvtvpe sialon by minimi. - ing 
the presence ot elements other than nil icon, aluminum, nitrogen and oxvgen. 
Fabrication at 207bK In contact wllli refractory metalM has a deleterious eltect 
on resistivity; hence, fabrication ot a pure ceramic with subsequent bonding to 
molybdenum or tungsten .it a lower temperature Is required. 

The work presented here is t lie Initial step In developing .1 high tempera- 
ture Insulator. The major concern remaining is the effects of long term 
operation under applied electrical load or potential. The degradat ion mechanism 
under these conditions Is believed to be solid state electrolysis caused bv 
impurltv atoms. Additional testing lias been initi.ited to evaluate these effects 
on the s la Ion material. Results of this follow-on effort will define voltage 
and temperature effects on the material as well as define am electrolytic 
movement of elements within tin* ceramic. Fabrication methods for bonding the 
ceramic to molybdenum or tungsten in prototypical geometries and long term 
evaluation of prototypical units have also been Initiated. 
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Figure 13. Electrical Resistivity of 1 5R Polytype Slalon Hot 
Pressed Between Tungsten Coated Molybdenum Plates 
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